TENDON TISSUE and the extracellular matrix (ECM) of skeletal muscle are essential for transmission of force during muscle contractions, and although they act as passive force transmitters, these collagen-rich structures adapt to changes in physical loading.
Changes in tendon properties have been shown in response to both increased and decreased levels of mechanical loading (33) . The tendon tissue response to increased levels of loading has been studied on the mechanical level, as well as on the protein and gene expression level. These studies indicate an increased mechanical stiffness in response to long-term training (30) , and furthermore, an induction of collagen protein synthesis, as well as changes in mRNA expression of matrix-related genes, has been shown in response to both long-and short-term loading (22, 31, 35, 39) . With regard to the effect of tendon unloading, however, experiments have focused largely on alterations in mechanical properties and changes in levels of collagen protein synthesis, while very few data exist on changes in gene expression (6) . Several studies indicate that unloading leads to reduced mechanical strength and stiffness of tendon tissue (4, 34, 40, 49) , and hindlimb suspension has been shown to reduce collagen fiber size and density in rat Achilles tendons (38) . On the collagen protein level there are some indications of a decreased synthesis (28, 42) , as well as decreased total collagen content after long-term unloading (21, 48) , while other studies show unchanged total collagen content after unloading (5) . The tendon response to decreased loading could involve changes in the gene expression of fibrillar collagens, but although both in vivo and in vitro studies indicate a strong connection between mechanical stimuli and collagen expression in tendon and other tissues (9, 22, 39, 50) , the expression of fibrillar collagen mRNA in response to tendon unloading in vivo has been studied only to a very limited extent.
The mechanisms for mechanical regulation of collagen expression seem linked to certain stress-responsive growth factors, including transforming growth factor-␤1 (TGF-␤1) and connective tissue growth factor (CTGF), which are expressed in response to mechanical stimuli and in turn lead to induction of collagen expression in many cell types (16, 25, 32, 44, 50) . Also insulin-like growth factor-I (IGF-I) is known to induce collagen synthesis in tendon cells (1, 37) , and recent evidence supports a role for IGF-I and TGF-␤1 as mediators of loadinginduced expression of collagen mRNA in rat tendon in vivo (23) . Based on this, it may be speculated that a decrease in mechanical load could influence the expression of these growth factors in tendon tissue.
In skeletal muscle, numerous studies confirm substantial detrimental effects of unloading on both the biomechanical and biochemical levels (51) . In relation to changes in gene expres-sion, these studies have focused mainly on the expression of factors related to contractile and metabolic functions, but there are indications that the expression of matrix-related genes is also affected by decreased levels of mechanical loading (3, 20, 24, 47) . However, the coordinated regulation of muscle ECM and tendon tissue gene expression has only been studied in response to long-term denervation (6) . Thus the early response to disuse has not been studied in these tissues simultaneously. Furthermore, the effect of a subsequent period of reloading on expression of growth factors and matrix-related genes has never been studied in tendon, and also for muscle data are scarce on this subject.
In the present study we used the hindlimb suspension model to investigate the effect of a loss of active loading of muscle and tendon tissue without a concomitant loss of cardiovascular stress. A clinical parallel to this could be an injury situation, unrelated to the muscle and tendon tissue, such as an ankle sprain, in which weight bearing of the injured leg is avoided. The hindlimb suspension was followed by a period of normal weight bearing, corresponding to a period of rehabilitation.
Based on earlier studies that indicate a negative effect of unloading on expression of collagen type I and III in skeletal muscle (3, 20, 24, 47) , we hypothesized that hindlimb unloading would lead to a decrease in the expression of the fibrillar collagens in muscle, and possibly in tendon, followed by an increase in expression during reloading.
In the same model we studied the effect on expression of growth factors related to regulation of collagen expression, including TGF-␤1, IGF-I splice variants [IGF-IEa and mechanogrowth factor (MGF)], and CTGF. Considering the positive correlation between mechanical loading, growth factor expression, and collagen expression, it could be speculated that unloading would lead to a decrease in these stress-responsive growth factors along with a decrease in collagen expression in both tendon and muscle. However, studies on bone and skeletal muscle tissue indicate that there may not exist a negative correlation between tissue unloading and local expression of anabolic factors (2, 7, 18, 19, 24, 41) . Thus, on the basis of earlier findings, we did not expect to see a decrease in the expression of growth factors in muscle in response to hindlimb suspension, while the tendon response was difficult to predict. As with the expression of collagens, we expected the reload period to lead to increased levels of growth factor expression.
Finally, we investigated the expression of myostatin, an important negative regulator of muscle growth. Previous studies have shown an upregulation of this factor in muscle in response to hindlimb suspension (17) , while resistance loading appears to reduce the expression of myostatin (29) . Thus we expected to see an initial increase in muscle myostatin expression during hindlimb suspension followed by a downregulation during reload. In tendon we have previously observed relatively low levels of myostatin transcript and no response to increased loading. However, the effect of unloading has not been investigated in this tissue previously, and it cannot be excluded that this may affect myostatin expression.
METHODS
Hindlimb suspension and tissue preparation. Hindlimb suspension (HS) was induced in female Sprague-Dawley rats weighing 265 Ϯ 2.5 g (means Ϯ SE) by a noninvasive tail-casting technique as described previously (46) . Briefly, a swivel harness system, combined with a tail cast, was attached to a hook at the top of the cage. This prevented the rats from touching the ground with their hindlimbs but allowed the animals to move about the cage using their front limbs. The suspension continued for 14 days, after which the casts were removed and 16 days of reloading (RL) followed. Rats here on a 12:12-h light-dark cycle and had ad libitum access to standard rat chow and water. The study was conducted according to the American Physiological Society's "Guiding Principles in the Care and Use of Animals," and the protocol was approved by the University of California, Irvine Institutional Animal Care and Use Committee.
The soleus muscle, including the Achilles tendon, was removed bilaterally after a suspension period of either 7 days (day 7 HS) or 14 days (day 14 HS), or after 2 (day 2 RL), 4 (day 4 RL), 8 (day 8 RL), or 16 (day 16 RL) days of reloading (n ϭ 8 in each group). Age-matched controls for day 0 (day 0 con), day 14 HS (day 14 con), and day 16 reload (day 16 RL con) were included (n ϭ 8 for each group). Tissue was snap-frozen and stored at Ϫ80°C until further use.
RNA extraction. RNA was extracted from tissue originating from the midbelly of the soleus muscle and from the Achilles tendon with use of TRI-reagent (MRC), according to the method described by Chomczynski and Sacchi (10) . Following isolation of the aqueous phase, RNA was precipitated using isopropanol. The RNA pellet was then washed in ethanol and subsequently dissolved in RNase-free water. All samples were weighed before RNA extraction. RNA concentrations were determined by spectroscopy at 260 nm. A good RNA quality was ensured by gel electrophoresis.
Real-time RT PCR. Five-hundred nanograms total RNA from muscle and 200 ng from tendon were converted into cDNA in 20 l using the OmniScript reverse transcriptase (Qiagen) according to the manufacturer's protocol. For each target mRNA, 0.25 l cDNA was amplified in a 25 l SYBR Green PCR reaction containing 1ϫ Quantitect SYBR Green Master Mix (Qiagen) and 100 nM of each primer ( Table 1 ). The amplification was monitored in real time using the MX3000P real-time PCR machine (Stratagene, CA). The thresh- 
AGGGTCCTGGCTTTGTCTGTGG AGCTGCAGGAGCAGCAGTGG COL1A1 and COL3A1, collagen I and collagen III, respectively; TGF-␤1, transforming growth factor -␤1; CTGF, connective tissue growth factor; IGF-IEa, insulin-like growth factor I-Ea; MGF, mechanogrowth factor; RPLP0, large ribosomal protein P0.
old cycle (Ct) values were related to a standard curve made with cloned PCR products to determine the relative difference between the unknown samples, accounting for the PCR efficiency. The specificity of the PCR products was confirmed by melting curve analysis after amplification. The large ribosomal protein P0 (RPLP0) had been chosen as internal control, as RPLP0 mRNA has been suggested to be constitutively expressed (15) . To validate this assumption another unrelated "constitutive" RNA, GAPDH mRNA, was measured, and RPLP0 was normalized to GAPDH. However, as we have previously observed, the expression of supposedly constitutive genes may be influenced by certain types of interventions (23) . In the present study the RPLP0/GAPDH ratio was changed by the HS intervention, and significant changes for both GAPDH and RPLP0 mRNA were found relative to total RNA (not shown) and relative to tissue weight (see RESULTS, Fig. 2 ). Furthermore, the RNA concentration was influenced significantly by the intervention (Fig. 1) , which excluded the use of total RNA, as well as ribosomal RNA, for normalization. Due to the lack of a suitable reference, we chose to express mRNA data relative to tissue weight as we have done previously (23) . Data for mRNA expression are presented as fold changes relative to the mean of the day 0 control values.
Number of samples in each group. Eight rats were included in each group. For tendon, satisfactory mRNA analyses was achieved for all rats except for the day 14 HS group and day 16 RL con group, in which tendons of seven rats were successfully analyzed. Similarly for muscle, the data for the day 14 HS group and day 16 RL con group are based on six and seven rats, respectively, while all other groups include data of eight rats.
Statistics. All mRNA data were log-transformed before statistical analyses and are presented as geometric means Ϯ back-transformed SE. The remaining data are presented as arithmetic means Ϯ SE. Treatment effects were analyzed by one-way ANOVA and when significant a Bonferroni post hoc test was performed on the following relevant comparisons: 1) comparisons between control groups (day 0 con, day 14 con, and day 16 RL con); 2) comparisons between each intervention group (HS and RL) and the most relevant control group (day 7 HS vs. day 0 con; day 14 HS, day 2 RL, day 4 RL, and day 8 RL vs. day 14 con; day 16 RL vs. day 16 RL con); and 3) comparisons between adjacent time points (e.g., day 14 HS compared with day 7 HS and with day 2 RL). A nonparametric Kruskal-Wallis test was applied for the tendon myostatin mRNA data, as these data were not normally distributed. All statistical tests were performed using the Prism software package 4.01 (GraphPad San Diego, CA, USA). Differences were considered significant when P Ͻ 0.05
RESULTS
Muscle and tendon wet mass. The soleus wet muscle mass had decreased ϳ30% after 7 days of HS (from 209 Ϯ 7 mg at day 0 to 148 Ϯ 5 mg at day 7 HS, P Ͻ 0.05), and at day 14 HS the muscle mass was ϳ50% lower than control levels [112 Ϯ 7 mg (day 14 HS) vs. 223 Ϯ 7 mg (day 14 con), P Ͻ 0.05]. An increase in soleus muscle mass, relative to day 14 HS, was seen at day 2 RL (P Ͻ 0.05), but the soleus mass remained lower than the day 14 con until day 8 RL (P Ͻ 0.05) ( Table 2) . By 16 days reload, soleus mass was not significantly different from corresponding control (day 16 RL vs. day 16 RL con, Table 2 ). No significant changes were detected in the Achilles tendon mass (Table 2) .
Body mass. The body mass of the control rats increased with increasing age, and the day 14 con and day 16 RL con rats weighed significantly more than the day 0 con rats (P Ͻ 0.05). HS led to a ϳ6% decrease body mass at day 7 HS (vs. prelevels, P Ͻ 0.05), and it remained low at day 14 HS compared with day 14 con (P Ͻ 0.05) ( Table 2) . At day 4 RL a significant increase from pre-reload levels was seen (P Ͻ 0.05), but at day 16 RL, the body mass did not yet correspond with that of the day 16 RL con rats (P Ͻ 0.05) (table 2) .
RNA yield. No significant changes were seen in the RNA yield from tendon tissue in response to unloading or reloading (P Ͼ 0.05) (Fig. 1A) . In muscle, however, the RNA yield was decreased after 7 days of HS [from 1.13 Ϯ 0.03 g/mg at day 0 to 0.86 Ϯ 0.07 g/mg at day 7 HS (P Ͻ 0.05)] and was increased at day 2 RL and day 4 RL compared with control levels [from 1.17 Ϯ 0.03 g/mg at day 14 con to 1.80 Ϯ 0.11 g/mg and 1.86 Ϯ 0.10 g/mg at day 2 RL and day 4 RL, respectively (P Ͻ 0.001)] (Fig. 1B) . At day 16 RL the RNA yield corresponded to control levels (P Ͼ 0.05) (Fig. 1B) .
Reference genes. As mentioned in the methods section, RPLP0 mRNA was intended to serve as a normalization factor for the genes of interest, and GAPDH mRNA was included in the analysis to validate a stable expression of RPLP0 mRNA. However, the RPLP0/GADPH ratio was not stable (data not shown), and when normalized to tissue weight significant changes were seen for both genes in both tendon and muscle in response to suspension and reloading (P Ͻ 0.05) (Fig. 2) . Due to the lack of a suitable reference gene the mRNA data are expressed relative to tissue weight as done previously (23) .
Collagen expression. In tendon tissue, no change was seen in response to suspension for either collagen I or III mRNA (P Ͼ 0.05) (Fig. 3, A and C) . After 4 days of reload, however, a significant increase (2-to 3-fold) was seen for both collagen types (P Ͻ 0.05) (Fig. 3, A and C) . For collagen III this elevation was still present at day 8 RL (P Ͻ 0.05), but at day 16 RL there was no difference between treated rats and controls for either collagen type (day 16 RL con) (P Ͼ 0.05) (Fig. 3, A and C) .
Muscle type I collagen mRNA did not change in response to HS, while reloading led to markedly increased expression levels at day 2 RL, day 4 RL, and day 8 RL (up to 13-fold compared with day 14 con, P Ͻ 0.001) (Fig. 3B) . After 16 days of reloading, levels of collagen I mRNA decreased significantly relative to day 8 RL (P Ͻ 0.05) and at this time point corresponded to control levels (day 16 RL con rats, P Ͼ 0.05) (Fig. 3B) . For type III collagen in muscle the observed changes were very similar to those of type I collagen, and although the expression of collagen III appeared to decrease after 7 days of HS, this was not significant (P Ͼ 0.05) (Fig. 3D) .
IGF-IEa and MGF expression.
A highly significant ϳ2-fold increase was observed in both IGF-IEa and MGF mRNA at day 7 HS in tendon tissue compared with day 0 (P Ͻ 0.001) (Fig. 4, A and C) . At day 14 HS this increase was no longer significant, and no significant changes were seen in the IGF-I isoforms in response to reload (P Ͼ 0.05). In muscle, the expression of IGF-IEa mRNA was not influenced by HS (P Ͼ 0.05), while MGF increased moderately after 14 days of suspension (P Ͻ 0.05). The expression of both IGF-I isoforms increased significantly after 2 days of reload and remained elevated until day 8 RL (P Ͻ 0.001), after which expression levels returned to normal (compared with day 16 RL con, P Ͼ 0.05) (Fig. 4, B and D) . The upregulation in response to reload was especially marked for MGF (ϳ9-fold) (Fig. 4D) .
TGF-␤1 expression. TGF-␤1 expression did not change in tendon tissue (P Ͼ 0.05) (Fig. 5A) , while a significant two-to threefold increase was seen in muscle at day 2 RL [relative to day 14 con and to day 14 HS (P Ͻ 0.001)]. The expression of TGF-␤1 in muscle remained elevated at day 4 RL and day 8 RL (P Ͻ 0.001) but decreased significantly at day 16 RL compared with day 8 RL (P Ͻ 0.001) (Fig. 5B) .
CTGF expression. No specific changes were seen in CTGF expression in tendon, although there was an overall treatment effect (1-way ANOVA, P Ͻ 0.05) (Fig. 6A ). In muscle a moderate increase was seen in response to reload at day 4 RL and day 8 RL (P Ͻ 0.05) (Fig. 6B) .
Myostatin expression. No significant changes were seen in either muscle or tendon myostatin mRNA expression (P Ͼ 0.05) (Fig. 7) , and as found previously, the level of myostatin mRNA transcript was very low (data not shown) and highly variable in tendon tissue (23) .
DISCUSSION
The present study is the first to investigate the simultaneous response of tendon and skeletal muscle tissue to unloading followed by reloading. Our results show a clear difference in the tendon vs. muscle response and indicate a surprisingly moderate reaction in tendon tissue to unloading with regard to the expression of matrix-related genes. Furthermore, our findings confirm earlier results from skeletal muscle and bone, which show that tissue unloading does not result in a decreased expression of anabolic factors known to be induced by mechanical loading.
Muscle and tendon mass. In accordance with earlier studies, the soleus muscle mass decreased to 50% of control levels in response to 14 days of hindlimb suspension (24) , and after 16 days of RL the muscle mass had returned to control levels. The tendon mass was not affected by either suspension or reload, and although this may seem surprising, previous studies have shown unchanged cross-sectional areas of rat Achilles tendons after up to 8 wk of disuse (4, 34) and of human patella tendons after 23 days of unloading (14) . The divergence in the muscle and tendon response, in relation to loss of tissue mass, may confirm that there is a slower loss of matrix-related proteins compared with muscle contractile proteins during unloading (43) . However, the work by Matsumo et al. 
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substantial changes in the tendon mechanical properties despite an unchanged cross-sectional area, indicating that important changes must take place in the composition of the tendon matrix even though the tendon size is unchanged. Such changes could involve alterations in collagen content and although several studies do not find changes in total tendon collagen in response to unloading (20, 28, 42) , there are indications that longer periods of disuse can decrease collagen content as well as size and density of collagen fibrils (36, 38, 48) . In other words, changes may have taken place in the tendon matrix in response to the present intervention without any detectable changes in tendon tissue mass.
Collagen expression. To our knowledge the only study published on tendon collagen mRNA expression in response to disuse indicates a possible, although nonsignificant, decrease in collagen I and III mRNA levels in rat tibialis anterior tendon 5 wk after denervation of hindlimb muscles (n ϭ 4) (6). We did not see any significant effect of 14 days of hindlimb suspension on tendon collagen expression, but our data are not readily comparable with the work of Arruda et al. (6) because of the difference in time span of the tendon disuse. Furthermore, there are indications that the effect of denervation on collagen expression, at least in muscle tissue, is significantly different from the effect of pure disuse (42) . Several animal studies, and one recent study on humans, have found an increase in both synthesis and breakdown of collagen protein in response to tendon unloading (5, 11, 21) . These findings support that tendon unloading does not reduce collagen gene transcription and that changes seen in tendon mechanical properties (4, 34) could relate to an increased collagen turnover, possibly associated with a decreased collagen fiber size (36, 38) .
In skeletal muscle, a substantial decrease in collagen III expression has been shown after 48 h of muscle disuse in humans (47) , and in rats both hindlimb suspension and immobilization resulted in a decreased collagen I and/or collagen III expression (20, 24) . However, in these rat studies the decrease was seen after only 3 days of unloading, and at 7 days of unloading collagen mRNA levels were back to normal. Thus a decrease in collagen expression may well have been present at a time point preceding our first measurement at 7 days of suspension. Furthermore, it should be noted that the level of collagen III expression tended to decrease at day 7 HS in the present study, and when comparing only this time point with the day 0 control group using a simple t-test, a significant difference is seen in the level of collagen III mRNA (P ϭ 0.01). In other words, a weakness of the present study design is that the many time points lead to a large number of post hoc comparisons and thus to a high stringency. This may result in type 2 errors, and actual differences may be overlooked.
IGF-I and MGF expression. Intuitively, a decrease in the expression of anabolic growth factors such as IGF-I and MGF might be expected in response to skeletal muscle disuse. However, the present study showed no change in IGF-IEa mRNA expression in muscle, and for MGF a moderate increase was seen after 14 days of HS. These results confirm earlier evidence that muscle unloading in both animals and humans does not necessarily change the expression of IGF-I isoforms or even leads to increased IGF-I expression (2, 12, 18, 19) . This indicates that the response to unloading of muscle tissue is not merely the opposite of a loading response and that the pronounced loss of muscle mass is likely caused by mechanisms other than a changed expression level of anabolic factors (13, 51) .
In tendon tissue we found a highly significant ϳ2-fold increase in both IGF-IEa and MGF expression after 7 days of suspension (P Ͻ 0.001). This could indicate that the tendon tissue response to unloading has similarities to the response seen in bone. Bikle et al. observed an increase in IGF-I mRNA and protein in rat femur after 14 days of hindlimb suspension (7), and further observations on bone tissue and bone cells indicate that unloading leads to IGF-I resistance and that an increased local expression of IGF-I may be a secondary response to this (7, 41) . A similar mechanism could perhaps explain the increase observed in the IGF-I isoforms in Achilles tendon after 7 days of unloading.
TGF-␤1 and CTGF expression. Previously, we have found a markedly increased expression of TGF-␤1 in both tendon and muscle in response to short-term strength training in rats (22) . TGF-␤1 is known as a potent inducer of collagen expression, and its induction in response to loading may well be important for mediating mechanically induced collagen expression in tendon and muscle tissue (22, 26, 50) . Considering this, we found it interesting to investigate possible changes in TGF-␤1 expression in response to unloading in these tissues.
We did not see any significant effect of suspension on TGF-␤1 mRNA expression in either tendon or muscle tissue. For tendon tissue there are apparently no other studies with which to compare our results, but in rat soleus muscle a transient increase in TGF-␤1 protein has been shown after 7 days of HS, returning to normal after 14 days of HS (24) . This contradicts our findings, as we did not see any significant change in TGF-␤1 mRNA; if anything there was a tendency to a decrease after 7 days of HS (Fig. 5B ). This discrepancy is not easily explained but could relate to differences in mRNA vs. protein levels or to possible influences of the normalization procedure in both studies. The unchanged TGF-␤1 expression, along with our observations on collagen and IGF-I isoforms, further supports the idea that the unloading response is not merely a reverse of the loading response observed in previous studies (22, 23, 39) .
Similarly to TGF-␤1, CTGF is known to mediate mechanically induced collage expression in certain cell and tissue types (25, 44) , and we have seen a loading-induced expression of this growth factor in rat muscle tissue, although not in tendon tissue (22) . In the present study we did not see any specific changes in CTGF expression in either muscle or tendon tissue in response to unloading, and thus, similarly to TGF-␤-1, transcriptional regulation of CTGF expression does not seem to be important in the tendon and muscle response to unloading.
Myostatin expression. We have previously shown that myostatin expression levels are very low in rat tendons and are not affected by increased loading (23) . Therefore the results of the present study, in which we see no change in tendon myostatin expression in response to either unloading or reloading, are not surprising. Meanwhile an increase in myostatin mRNA may have been expected in muscle tissue in response to hindlimb suspension, as Haddad et al. (17) have previously shown an upregulation of myostatin expression in rat muscle in response to 5 days of HS. An earlier study by Carlson et al. (8) , however, indicates that this upregulation is most pronounced in the very early stages of hindlimb suspension, and thus an increase in myostatin expression may well have been present at a time before our first measurement at 7 days of HS. Furthermore, muscle myostatin mRNA expression could have been expected to decrease in response to reload, as this has be shown during rehabilitation after muscle unloading in humans (27) . This discrepancy is not readily explained but could relate to species difference or choice of normalization procedure.
Overall response to unloading. Generally the response to unloading was moderate in both tendon and muscle with regard to the expression of the target genes measured in the present study. It should, however, be considered that certain changes may have taken place during the initial days of unloading, before day 7, and further studies are needed to investigate these very early changes. In earlier studies we have found that several of our genes of interest are highly induced by loading in both tendon and muscle tissue (22, 23, 39) . Thus, as mentioned, the response of both muscle and tendon tissue to unloading does not appear to oppose the response to loading. Surprisingly, the response of tendon tissue to suspension resembles an almost anabolic response, as expression of IGF-I isoforms, as well as ribosomal protein RPLP0, was increased after 7 days of HS. This could indicate a protective mechanism in the tendon tissue, perhaps preventing rapid changes in tissue mass, as tendon tissue is presumably not intended to serve as a protein source in the same manner as skeletal muscle. Alternatively, as mentioned above, the increased expression of IGF-I isoforms could be a reaction to a local IGF-I resistance induced by disuse, which seems to be the case in bone tissue (7, 41) . In addition, the tendency to an increase in GAPDH expression after 7 days of HS in tendon (significant with t-test comparison between day 0 and day 7 HS) supports that unloading does initiate some type of response in tendon tissue. The nature of this response in relation to GAPDH is difficult to speculate on, however, as GAPDH appears to have numerous functions in addition to its metabolic role, including involvement in apoptosis initiation (45) .
Finally, it should be kept in mind that a certain degree of passive stretch of the Achilles tendon, during suspension, could provide some stimulus to maintain the expression level of collagen and related factors. However, considering that the ankle goes into plantar flexion during hindlimb suspension, thereby slackening the gastrocnemius, plantaris, and soleus muscles, it must be presumed that the tendon tissue load is considerably lessened compared with a normal weight-bearing situation.
Response to reload. In response to reload, the skeletal muscle expression of collagen I and III was markedly induced from day 2 RL (Ͼ10-fold), while the expression of growth factors was induced from a moderate (e.g., CTGF) to a large degree (e.g., MGF). The putative housekeeping genes, especially the ribosomal protein (RPLP0), were also induced by reload, and taking into account the simultaneous increase in muscle RNA concentration, these findings indicate an overall anabolic response in the muscle tissue. This is a logical response when considering the marked loss of soleus muscle mass seen after suspension (50% at day 14 HS) compared with the moderate loss of body mass (Ͻ10%) ( Table 2) . In other words, the muscle tissue was subjected to a markedly increased load per cross-sectional area at the beginning of the reload period, and this resulted in a hypertrophy response. At 16 days of reload the expression of collagens and growth factors had returned to control levels, indicating an attenuation of the hypertrophy response. In line with this, the muscle mass and RNA concentration were not significantly different from control levels at this time point. Although these results are not surprising, the induction of IGF-I isoform, TGF-␤1, and collagen expression during recovery from muscle disuse has in fact not been shown previously.
In tendon tissue, the response to reload was far less pronounced, and the expression of growth factors corresponded to control levels during the entire reload period. The moderate response to reload supports that the changes induced by suspension were limited in tendon, compared with muscle, as indicated by the stable tissue mass and the unchanged expression of matrix-related genes during unloading. Meanwhile, the expression of both collagen I and III was actually induced in tendon after 4 days of reload, indicating that some changes must have taken place in the tendon tissue during the suspension period. This is supported by previous results showing a pronounced disuse-induced change in tendon mechanical properties (4, 34) , and it could be speculated that changes in the tendon matrix induced by unloading will affect the tendon-cell response to the resumption of a normal loading pattern (i.e., reload) and thus lead to increased collagen expression.
Conclusion. In conclusion, hindlimb suspension in rats does not decrease expression levels of stress-responsive growth factors, such as IGF-I isoforms and TGF-␤1, in the unloaded tendon and muscle tissue. On the contrary, MGF expression was induced in both tissue types, and in general the response of both tendon and muscle tissue to unloading does not appear to follow a pattern opposite that of a loading response. This is supported by an unchanged collagen expression in tendon tissue in response to unloading. In muscle, however, it cannot be concluded that collagen expression is unaffected by suspension, and generally the muscle response to unloading seems more pronounced than the tendon response. For example, muscle mass decreased dramatically, while tendon tissue mass was unchanged. This difference in the response to unloading appears to be reflected in the response to reloading, which was more prominent in muscle than in tendon tissue. These results may indicate that tendon tissue is protected from rapid changes in tissue mass, while muscle, which is known to act as a protein store for the organism, is subject to substantial and fast changes in tissue mass. However, it should be considered that important changes might have occurred in the tendon tissue despite the unchanged tissue mass and collagen/growth factor expression.
